Climate-induced forest mortality is being increasingly observed throughout the globe. Alarmingly, it is expected to exacerbate under climate change due to shifting precipitation patterns and rising air temperature. However, the impact of concomitant changes in atmospheric humidity and CO 2 concentration through their influence on stomatal kinetics remains a subject of debate and inquiry. By using a dynamic soil-plant-atmosphere model, mortality risks associated with hydraulic failure and stomatal closure for 13 temperate and tropical forest biomes across the globe are analyzed. The mortality risk is evaluated in response to both individual and combined changes in precipitation amounts and their seasonal distribution, mean air temperature, specific humidity, and atmospheric CO 2 concentration. Model results show that the risk is predicted to significantly increase due to changes in precipitation and air temperature regime for the period 2050-2069. However, this increase may largely get alleviated by concurrent increases in atmospheric specific humidity and CO 2 concentration. The increase in mortality risk is expected to be higher for needleleaf forests than for broadleaf forests, as a result of disparity in hydraulic traits. These findings will facilitate decisions about intervention and management of different forest types under changing climate.
F
orest mortality can lead to irreversible change in vegetation cover, thereby affecting many processes pertinent to water, carbon, and nutrient budgets (1) . Multiple studies (2-10) have noted close association between forest mortality and water and heat stress, owing to shifting precipitation patterns and rising air temperature. However, the influence of concurrent changes in specific humidity (SH) and CO2 concentration, which affect plant response to stress by altering stomatal kinetics (11), have not received similar attention. Although elevated CO2 concentration is expected to promote future forest productivity (12), the extent to which it affects forest mortality in the context of water and heat stress remains a subject of inquiry. Short-term records (3, 4) and long-term manipulative field studies in forests such as the Free Air CO2 Enrichment experiments (13-15) have tried to fill the knowledge gap; however, they do not cover the entire manifold of projected climate conditions. The goals of this study are to evaluate the individual and combined influence of projected changes in precipitation, temperature, SH, and CO2 concentration on forest mortality risk and to investigate whether the response of mortality risk differs among plant functional types (PFTs).
Tree mortality may occur through several mechanisms, including hydraulic failure, carbon starvation, phloem transport limitation, and biotic attack (16, 17) . Hydraulic failure is characterized as the malfunction of xylem water transport associated with cavitation, which is induced by low xylem water potential under limited soil water availability. Carbon starvation occurs when carbohydrate supply and storage cannot meet demand (17), which could result from low photosynthesis due to stomatal closure in response to low plant water potential and high atmospheric vapor pressure deficit (VPD). Reduced photosynthesis and plant water potential also pose limitations for phloem to maintain turgor pressure and may further impair phloem transport (18). Intense and prolonged stresses could weaken the defenses of forests to biotic attack (5) and may alter plant adaptation, seed production, and germination (2). Despite these mechanisms being far from thoroughly understood (17, 18), they primarily result from low plant water potential and restricted photosynthesis.
To quantify the risk of mortality induced by low plant water potential, previous studies (19, 20) used the safety margin [i.e., the difference between the minimum observed xylem water potential and the xylem water potential at 50% loss of conductivity (ψ50)]. Plants with narrower or more negative safety margins are considered to be more susceptible to hydraulic failure. The safety margin provides a static assessment of plant susceptibility to hydraulic failure, although its representativeness may be undermined by limited field observations. It has also been suggested that, instead of the minimum water potential plants reach, the duration plants operate under high percentage loss of conductivity could more likely distinguish mortality (21, 22) . Here, a duration-based hydraulic failure risk (HFR) is introduced, which quantifies the fraction of days when the daily minimum xylem water potential (ψ x ,min ) falls below ψ50. Because stomatal closure restricts photosynthesis (6, 17, 23), a stomatal closure risk (SCR) can also be formulated as the fraction of days on which stomata are completely closed (SI Appendix, section S1). The aggregated mortality risk is then defined as the fraction of days with occurrence of either hydraulic failure or stomatal closure, two physiological states contributing to dieback and eventual mortality. Alternative quantifications of risk that account for stress duration and severity are also considered to test the robustness of the analysis here (SI Appendix, section S5).
The mortality risk is evaluated by using a soil-plantatmosphere continuum (SPAC) model, which computes hourly dynamics of xylem water potential and stomatal conductance (Materials and Methods and SI Appendix, section S1). By comparing against observed mortality at four sites, the modeled risk is shown to capture the temporal variation of mortality in response to climate stressors (SI Appendix, section S3). The risks under historical and future climate scenarios are then evaluated for 13 temperate and tropical forest biomes across the globe (Fig. 1) . The selected biomes cover a variety of climates and PFTs, including evergreen needleleaf forest (ENF), deciduous broadleaf forest (DBF), and evergreen broadleaf forest (EBF). The response of mortality risk to changes in the following climate characteristics is analyzed: mean annual precipitation (MAP), precipitation seasonality (PS), mean annual air temperature (T), mean annual atmospheric SH, and atmospheric CO2 concentration. PS is quantified as the fraction of MAP that falls within the growing season. Changes in these climate conditions are obtained from the projection of Coupled Model Intercomparison Project Phase 5 (CMIP5) ( Table S2) 
Influence of Individual Changes in Climate Variables
Mortality risk is found to increase with reduced annual precipitation and a lower fraction of precipitation in the growing season. Reduced precipitation decreases plant water potential via low soil moisture, hence increasing HFR (Fig. 2D , horizontal axis). Meanwhile, low plant water potential also restricts stomatal conductance, hence increasing SCR ( Fig. 2A , horizontal axis). Plants experience higher risk in the growing season than in the nongrowing season, due to low plant water potential and atmospheric aridity imposed by a high VPD. Given the same annual precipitation, more growing season precipitation (higher PS) generally decreases the risk ( Reduced precipitation during the nongrowing season typically does not increase the risk, as the stressed conditions mostly occur in the growing season.
Sensitivity of mortality risk to precipitation amount and seasonality varies across soil, plant, and climate conditions, as expected. For ENF in the western United States ( Fig. 2A and biome 1 in Fig. 1 ), the risk is primarily controlled by annual precipitation amount when <400 mm. For wetter climates (MAP > 800 mm) with low growing season precipitation (PS < 0.2), seasonality becomes the dominant factor. Under the historical climate in this region, both precipitation amount and seasonality play significant roles in mortality risk. Although large uncertainties exist in the projected annual precipitation, CMIP5 models mostly predict lower PS in this region, which is likely to increase mortality risk. For DBF in the southeastern United States (Fig. 2D and biome 3 in Fig. 1 ), both precipitation amount and seasonality affect the risk over a wide range of climatic conditions. Although the risk generally decreases with higher PS when PS < 0.7, the trend reverses for PS > 0.8. As CMIP5 projections point to an increase in precipitation with little change in seasonality, mortality risk of this biome is expected to decrease under future precipitation patterns.
Modeled mortality risk increases with warming air temperature, but decreases with rising SH (Fig. 2 B and E) and CO2 concentration ( Fig. 2 C and F) . Elevated temperature promotes water loss through higher VPD. Although stomata close in response to high VPD to prevent excessive water loss, the same action increases the risk of full stomatal closure. Increasing SH, on the other hand, offsets the increase of VPD by air temperature, hence attenuating intensified risks caused by warming. Under higher atmospheric CO2 concentration, plants can operate at lower stomatal conductance to meet their biochemical demand for CO2. This so-called "carbon fertilization effect" allows plants to enhance water-use efficiency, hence reducing the risks of both hydraulic failure and stomatal closure simultaneously. All three climate variables exhibit significant influence on mortality risk of ENF in the western United States and DBF in the southeastern United States. For the projected changes in temperature and SH ( Fig. 2 B and E) , the intensifying influence of rising air temperature overwhelms the opposing influence of rising SH, leading to higher VPD, and thus Responses of mortality risk to individual changes in MAP, PS, T, SH, and CO 2 concentration for ENF in the western United States (A-C) and DBF in the southeastern United States (D-F). PS is quantified as the fraction of MAP that falls within the growing season. Changes in MAP and PS are incorporated in daily precipitation time series through their impact on the statistical distribution of stochastic precipitation; changes in T, SH, and CO 2 are incorporated uniformly throughout the year, keeping the intraannual patterns unchanged. Numbers on the contours denote risk magnitude (%). Predicted ranges by multimodels under the four representative concentration pathway (RCP) scenarios are illustrated by rectangles. Blue and green contours represent risks due to hydraulic failure and stomatal closure, respectively.
higher risk. Remarkably, elevated CO2 concentrations offset the intensified risk imposed by elevated temperature (Fig. 2 C  and F) .
Despite the similar patterns of response to climate change, sources of risk in the two biomes (Fig. 2) are markedly different. Under both historical and projected climates, the risk for the ENF in the western United States mostly originates from stomatal closure. The risk for the DBF in the southeastern United States mostly originates from hydraulic failure. However, under extremely high air temperature (annual mean > 23
• C) in the DBF, high VPD induces full stomatal closure, resulting in a switch from HFR to SCR (Fig. 2 E and F) . The different sources of risk for these two biomes can be attributed to their response strategies under stress, which are controlled by their hydraulic traits. ENF consists of conifers, which mostly operate with a wide safety margin (ψx,min − ψ50) (19) and exhibit an isohydric strategy under stress (16) (i.e., restricting transpiration by reducing stomatal conductance while maintaining high water potential to prevent runaway cavitation; SI Appendix, Fig. S3 ). Owing to this conservative water use strategy and the wide safety margin, isohydric conifers are more susceptible to SCR than HFR. In contrast, DBF consists of angiosperms, which operate with a narrower safety margin (19) and largely use an anisohydric strategy under stress (16) (i.e., stomata remain open to sustain photosynthesis at the expense of decreased water potential; Fig. S3 ). With this less conservative water use strategy and a narrow safety margin, anisohydric DBFs are more susceptible to HFR than SCR. These contrasting stress responses have been widely reported (16, 19, 24) . Previous studies have also suggested hydraulic failure as the major mechanism in an aspen (angiosperm) mortality event (8) and near-zero stomatal conductance as the main contributor to conifer mortality events (16, 23) . It is to be noted that large variations in hydraulic traits exist within each PFT, and the results presented here are based on the average traits of species falling within a PFT and climate type in a given biome.
Influence of Combined Changes in Climate Variables
Based on the CMIP5 projections of four RCP scenarios in all 13 biomes (SI Appendix, Fig. S6 ), the response of mortality risk to changes in three combinations of climate conditions are examined ( Fig. 3 ): (i) P+T; (ii) P+T+SH; and (iii) P+T+SH+CO2. Here, changes in P include combined changes in MAP and PS. For the 13 investigated biomes, on average, shifting precipitation patterns and rising temperature projected by RCP4.5 are found to intensify the risk by 158.8% for the period 2050-2069 relative to the historical risk. This increase in risk is consistent with previous studies highlighting the exacerbating effects of higher temperature (1, 3-7). However, by incorporating increases in SH, the risk decreases by 46.6%. More remarkably, the risk drops an additional 91.2% under the added influence of elevated CO2 concentration. In aggregate, changes in all four climate conditions increase the risk by 21.0% on average, which is much lower than the increase of 158.8% when only the changes in precipitation and air temperature are considered. Under high emission scenarios (RCP6.0 and RCP8.5), elevated humidity and CO2 concentration might even overwhelm the effects of higher temperature, possibly resulting in a lower risk than the historical level (Fig. 3) . These alleviating effects are robust across alternative risk measures (SI Appendix, Table S6 and Fig. S14 ). The alleviating effect of increasing atmospheric CO2 concentration is in line with a reported decrease in stomatal conductance and increase in water use efficiency across various climate regions and species (2, 25-29).
On average, the combined changes of P+T+SH+CO2 in RCP4.5 are found to increase the mortality risks by 101.1%, −18.3%, and 19.6% for ENF, DBF, and EBF biomes respectively (Fig. 4) . The significantly higher increase for ENF compared with the other two PFTs results from their distinct risk sources (Fig. 4) . SCR, the primary risk source for ENF, shows notably higher sensitivity to air temperature rise than HFR. Specifically, for a 1
• C increase in air temperature from historical climates, HFR and SCR are estimated to increase by 23.5% and 125.1%. Remarkably, the increase in SCR is close to the previously reported 116.3%
• C −1 increase in die-off events of Pinus edulis (4), a conifer species likely threatened by SCR. From a mechanistic perspective, elevated temperature increases VPD and reduces stomatal conductance. This restricts carbon assimilation but promotes water loss, which results in a higher probability of full stomatal closure (i.e., higher SCR). The increase in HFR is smaller, as the reduction in stomatal conductance partly alleviates the increase in water loss due to increased VPD. Under projected changes of precipitation and VPD in RCP4.5, HFR increases by 135.5% on average, while SCR increases by 305.8%. When CO2 is also considered, the aggregate changes are −8.6% and 83.7% for HFR and SCR, respectively. These findings imply a larger increase in mortality risk of ENFs, more specifically of isohydric species, than other PFTs under changes in the considered climate conditions.
Discussion and Implications
The study evaluates how projected climate change will affect mortality risks and how the risks may be mediated by different PFTs across the globe. In this regard, the study introduces a measure of mortality risk that accounts for the duration that plants operate under high percentage loss of conductivity or stomatal closure. Although large uncertainty exists in the exact physiological mechanisms that cause mortality (17, 18), the proposed mortality risk measure captures two of the fundamental causes (i.e., low water potential and severely restricted carbon assimilation) which contribute to the downstream mortality mechanisms. Notably, the quantification of mortality is made possible by synergistic coupling of multiple prior submodels connecting plant physiological status to hydrological and meteorological conditions. This coupling allows the SPAC model to resolve hourly dynamics of xylem water potential and stomatal conductance, the variables required to evaluate mortality risk (SI Appendix, sections S1 and S5). For example, by accounting for the feedback between evapotranspiration and atmospheric boundary layer (ABL) development, the SPAC model is able to simulate a physically consistent hourly dynamic of air temperature and SH during droughts. During drought, when evapotranspiration is restricted by low soil moisture, the model partitions a larger fraction of incoming energy into sensible heat, thus enhancing the ABL and raising the temperature during daytime. This evapotranspiration-ABL coupling allows SPAC to consider the cooccurrence of extreme drought and heat stress, which has been pointed out as the main environmental trigger of tree mortality (3-5, 7). The SPAC model also uses an optimization-based stomatal conductance representation that accounts for the effect of plant hydraulic limitation (SI Appendix, section S1). The representation is an advantage over several widely used dynamic global vegetation models, where the stomatal regulation is disconnected or empirically connected with soil water stress (6, 21). Many of these semiempirical models are derived from observations under ambient CO2 concentration, and their parameter values are subject to change in an elevated CO2 environment (11), thus undermining their efficacy under future climate. In contrast, the optimization-based stomatal regulation model used here has been demonstrated to predict stomatal response to stress under both historical and elevated CO2 concentration (30) . Although the modeled risk shows strong correspondence with observed mortality (SI Appendix, section S3), the estimated risk should be interpreted with care. Given the uncertainties inherent in model structure and parameters, and the complexity of the forest ecosystem, it is unrealistic to accurately assess the exact magnitude of mortality risk. Large variations in plant hydraulic traits, tree height, diameter at breast height, and stand density (31, 32) may impact the actual mortality risk. Sensitivity of mortality risk to aforementioned factors and to uncertainties in model structure are examined (SI Appendix, section S4). Results indicate that, despite their influence on the magnitude of mortality risk, the alleviating effect of increasing SH and CO2 concentration is still found to be robust. Notably, actual mortality risk may also be altered by forest fire frequency and insect outbreak, rooting profile, seed production, community-level competition, local acclimation to drought, and adaption to long-term climate change (33-36), factors whose characterization is still fraught with uncertainties (37). Their impacts in relation to the direct influence of climate conditions discussed here deserve further investigation. However, independent of these indirect influences, results reported here demonstrate a ubiquitous and robust alleviating effect of elevated atmospheric humidity and CO2 concentration, which is comparable in magnitude to the intensifying effect of changes in precipitation patterns and air temperature. The combined influence of changes in these climate variables on mortality risk is also strongly mediated by plant hydraulic traits. These results highlight that ignoring the influence of elevated atmospheric humidity and CO2 concentration may lead to overestimation of future forest mortality risk.
Materials and Methods
SPAC Model. The SPAC model consists of three process components: a soilwater balance; a plant water transport that is based on cohesion-tension theory and associated hydraulic properties; and an ABL development model that permits evapotranspiration to alter the height, temperature, and SH of the boundary layer (SI Appendix, section S1 and Fig. S1 ). Soil is characterized as a two-layer bucket, where the soil moisture is controlled by precipitation, interception, vertical flux between the two soil layers, deep percolation, soil evaporation, and plant root extraction. Water transport within plants is modeled as a resistance system with no capacitance. Water vapor and CO 2 exchange at the leaf level are modeled by combining Fickian diffusion of gases and the Farquahar photosynthesis model (38, 39), where the stomatal kinetics are determined by optimizing carbon gain while minimizing water losses (11). The stomatal conductance is affected by both atmospheric conditions and plant water status. The water flux through the soil-plantatmosphere system is solved given soil and atmospheric conditions. Subdaily temperature and SH are obtained from the ABL development model. The energy and mass components in ABL development are affected by feedback of total water flux from the ground surface (40), including interception, soil evaporation, and plant transpiration. The coupled SPAC model simulates ecohydrologic states at an hourly interval.
Soil and Vegetation Properties. Based on the global land cover type from the moderate imaging spectroradiometer (MODIS; MCD12C1) (41), 13 forest biomes were selected across the globe. The biomes cover three PFTs and a variety of climate types ( Fig. 1 and SI Appendix, Table S1 ) with MAP ranging from 500 to 3,000 mm. Regions with shallow groundwater (42) and snow-dominated climate (43) were avoided, as the influence of groundwater and snow is not considered in the model. The SPAC model in each biome was parameterized with local soil and representative plant properties. Soil texture compositions were obtained from the Harmonized World Soils Database (44) . Soil hydraulic properties were calculated based on the generalized statistical relations (45). The annual cycle of the Leaf Area Index (LAI) was extracted from the level-4 MODIS global LAI and Fraction of Photosynthetically Active Radiation product (MCD15A2) (46). Plant hydraulic traits were obtained from a global database containing hydraulic traits of 866 species (47). Photosynthetic parameters were derived from a cross-species study (48). Stomatal optimization parameters were obtained based on a metaanalysis study across PFTs and climates reported in a previous study (49). These plant properties were obtained at a biome level by averaging the properties of trees belonging to the same PFT and climate type (47) as found in the given biome.
Historical and Projected Climates. The SPAC model in each biome is forced by local daily climate, including stochastic precipitation, net shortwave radiation, and initial and boundary conditions of potential temperature and SH of ABL. At the beginning of each day, the ABL is reset with the corresponding initial and boundary conditions. The stochastic precipitation is represented as a Experimental Design and Statistics. The mortality risk under a given climate was quantified based on plant dynamics by running the SPAC model at hourly resolution for 30 annual ensembles after a 5-y warm-up period. Influence of changes in each individual climate variable was analyzed by keeping the others the same, while only changing the target climate variable. Influence of combined changes in climate variables as projected by multimodels were grouped together to evaluate the overall response of mortality risk under each RCP scenario. Each reported change in risk is the average of changes of all of the biomes, unless stated otherwise. Change in each biome was calculated as the difference between the historical risk and the future risk (i.e., the average risk based on multimodel projections), in proportion to the historical risk. Biomes with historical risks <0.01% were excluded from the statistics.
Note. Details on model formulation, data processing, model validation, sensitivity analyses, and alternative quantifications of risks are provided in SI Appendix. 
where n j and Z rj (j = 1, 2) denote soil porosity and root zone depth of the two layers, re- 
where ρ w is water density; g is gravitational acceleration; the soil vertical unsaturated hydraulic 35 conductivity (K) and flow path (∆l) are taken as the harmonic mean of the two layers, i.e., K = 36 
where ∆ is the saturation vapor pressure function with respect to air temperature at 2 m 
where s h,1 is the hygroscopic point of the top layer soil, i.e., the soil moisture corresponding to
Plant water transport. Soil water is extracted by roots in both layers, i.e.,
where ψ r is the root water potential; the soil-root conductance (g sr ) is computed using a 55 cylindrical root model [8]:
in which RAI j is root area index in each layer. Assuming negligible plant water storage, 57 according to continuity, the total transpiration (E) is
where ψ x and ψ l are xylem (located at half the canopy height (H c )) and leaf water potential 59 respectively; the plant conductance g p depends on the most negative water potential in plant,
where g p,max is the maximum plant conductance; ψ 50 is the xylem pressure at 50% loss of 62 conductivity; a is the shape parameter of plant vulnerability curve.
63
CO 2 and water vapor transfer between leaves and atmosphere can be described by Fickian 64 diffusion through the stomata:
where f c and f e are CO 2 and water vapor flux; g s is the stomatal conductance to CO 2 ; a 0 = for the limitation by RuBP (J E ), Rubisco (J C ) and sucrose synthesis (J S ), the carbon assimi-74 lation rate is computed as
Representations of gross assimilation φ(J E , J C , J S ) and the respiration from the leaf (R d ) come for the leaf is defined as
The stomata is assumed to operate under a trade-off between maximizing f c and minimizing f e 79 in order to achieve the maximum net carbon gain with the optimal g s subject to df ( Equations (6), (8), (9), the plant hydraulic system is closed. 
where ET = E + V + I is the total water flux from the soil-plant system. Within ABL,
96
temperature and humidity are governed by energy and water balance [16] . According to the 97 first law of thermodynamics and mass conservation, the energy and water balance are
where θ f and q f are the potential temperature and specific humidity of the free atmosphere at 99 height h respectively. In the free atmosphere, potential temperature and specific humidity are inserting the initial conditions. Following [16] , the simplified ABL growth rate is expressed as
The dynamics of θ, q and h are solved by Equations (17) -(19). At the beginning of each 106 day and during precipitation events, ABL is reset to the daily initial conditions based on daily 107 climate data (see Section S2 for details). The diurnal development of ABL, in response to the 108 feedback of heat and water vapor flux from the soil-plant system, provides dynamic forcing of 109 temperature and humidity to the soil-plant system.
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Code for the SPAC model is available at https://github.com/YanlanLiu/SPACModel 2017. biome-specific soil and plant properties are listed in Table S1 .
155
Given the soil and plant properties in each biome, we analyzed the responses of stomatal 156 conductance and plant water potential during dry down processes. Starting from a soil moisture 157 at field capacity, the soil was allowed to consecutively dry down with zero precipitation. As
158
shown in Figure S3 , ENF biomes generally operate with wider safety margins than DBF and
159
EBF biomes. Most ENF biomes adopt an isohydric leaning strategy under stress, i.e. they 160 decrease g s while keeping a relatively wide safety margin even when g s gets close to zero.
161
In contrast, most DBF biomes adopt an anisohydric leaning strategy under stress, i.e., they 
165
The typically wider safety margin and isohydric strategies for ENF compared to the other two of ABL include initial ABL height (h 0 ), potential temperature (θ 0 ) and specific humidity (q 0 ). precipitation depth (α P ) and precipitation frequency (λ P ) by keeping α P λ P equal to the future 206 daily mean precipitation, and the ratio α P /λ P to be constant [35] . As these statistics change in 207 the projected climate, the occurrence frequency and duration of drought with a given severity 208 will change accordingly. However, possible changes in the spectrum characteristics of long-term
209
climate oscillations, such as change in El Niño Southern Oscillation which is still under debate
210
[36], is not included in the model.
211
It is to be noted that the risk was found to be dominated by precipitation amount with 212 little sensitivity to the separation approach ( Figure S5) . Hence, the results are not affected by Model name RCP2.6 RCP4.5 RCP6.0 RCP8.5 
234
To examine the efficacy of the modeled mortality risk, observed mortality in two temperate 235 and two tropical forests were compared to modeled mortality risk.
236
(1) Needleleaf forest in southern Sierra, California, USA area belongs to biome 3 in this study (Fig. 1 , Table S1 ). Within the surveyed area, 14% of Acer to biome 12 in this study (Fig. 1 , Table S1 ). Annual mortality risk during 1993-1998 was 289 estimated using the SPAC model to examine its ability to capture the response to drought. simulation. In agreement with the observation, the model shows higher mortality risk of 3.3% 294 in 1998, compared to the pre-drought average risk of 1.1% ( Figure S11 ).
295
The aforementioned comparisons between modeled mortality risk and observed mortality in humidity and CO 2 concentration are considered (Table S3) . Sensitivity to tree sizes. In addition to the plant hydraulic traits, sensitivity analysis was 313 also performed for variations in tree height, diameter at breast height (DBH) and stand density. is still found to be robustly alleviated by increasing specific humidity and CO 2 concentration 327 (Table S4) .
328 Table S4 : Sensitivity of historical risk and the alleviating effect of specific humidity and CO 2 concentration to maximum plant conductance (%). Refer to Table S3 for abbreviations.
-20% 0% +20%
Parameter HR P+T All HR P+T All HR P+T All risk is the probability of ψ x,min < ψ 50 . (4) Long-duration cavitation risk is the probability risk is the probability of full stomatal closure. (7) Long-duration stomatal closure risk is the 366 probability of full stomatal closure that lasts for more than two weeks.
367 Figure S14 illustrates the combined impacts of climate change on the alternative risks for Table S1 . Figure S13: Probability density of the duration of (a) ψ x,min < ψ 12 and (b) full stomatal closure.
Bin width in the bar plots is one week. 
